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1. Introduction
In [1], we concluded that heterogeneous network operations could be efficiently supported within agreed framework of carrier aggregation for Rel-10, and at the same time provide co-existence possibilities with Rel-8/9 UEs in scenarios with non-accessible closed subscriber group (CSG) cells associated with HeNB deployments. We also concluded that it would be beneficial if aggregation of contiguous component carriers over a single bandwidth within 20 MHz is mandatory for Rel-10.
Carrier aggregation provides the tools for efficient support of heterogeneous networks in Rel-10. However, there is an ongoing discussion on whether a second set of tools for heterogeneous network operation, not relaying on carrier aggregation, should be introduced in Rel-10. In this contribution, we make some observations on legacy operations in the case of heterogeneous deployments with a single component carrier, i.e. the under laid cells operate on the same carrier as the overlaid macro cell.
2. Discussion

2.1. New inter-cell interference scenarios
Figure 1 illustrates three well known inter-cell interference scenarios in a heterogeneous network. On the left hand side, a macro user with no access to the CSG cell will be interfered by the HeNB, case (a), whereas in uplink the macro user may cause severe interference towards the HeNB, case (b). On the right hand side, path loss based cell association improves the uplink but at the cost of increasing the downlink interference (up to ) of non-macro users at the cell edges, case (c). As has been demonstrated in numerous of 3GPP contributions, a key issue in these interference scenarios is to mitigate interference towards resources that cannot rely on traditional ICIC schemes, e.g. resources carrying downlink L1/L2 control channels and synchronization signals. 
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Figure 1. Three inter-cell interference scenarios in heterogeneous networks
2.2. Single component carrier deployments
In contrast to the carrier aggregation case [1], ICIC across the cell layers of channels/signals such as PDCCH, PBCH and PSS/SSS cannot be done in the frequency domain in a single-carrier approach. Instead, time domain ICIC schemes have to be considered in order to avoid collisions across the cell layers. This may imply either new locations of these fundamental channels/signals, or introduction of blank subframes and/or requirements on interference cancellation in the UE. As commonly assumed in heterogeneous studies, transmissions from macro and low power eNB’s are time-synchronized, though not necessarily time aligned on frame basis.
Interference coordination for heterogeneous co-channel deployments has been studied by RAN4 in the context of HeNB [2], with the aim of avoiding (or reducing) collisions of L1/L2 control channels, PBCH and PSS/SSS across the macro and femto cells. One approach considered in [2] refers to introducing a relative time-shift on symbol level between the transmissions of the macro eNB and the HeNB’s. Then by knowing the positions of the L1/L2 control regions, CRS, PBCH and PSS/SSS across the cell layers, a scheduler can avoid scheduling data in the corresponding RB’s of the PBCH and PSS/SSS as well as not mapping data on REs colliding with the control (PDCCH) region and the CRS positions
 at the other cell layer. Clearly, such a mapping rule of data would not apply for Rel-8/9.
Re-design of the PDCCH was proposed in [3] as one option, basically re-using the concept of the R-PDCCH design currently under discussion for type 1 relays. A difference from the time-shifting approach above would then be that the control region will not span the whole system bandwidth, thus giving room for partitioning of the control region across the cell layers. Another difference would be the need for UEs (and the system) to support two different downlink L1/L2 control channel designs. In this approach, Rel-10 UEs would use R-PDCCH whereas Rel-8/9 UEs need to rely on the ordinary PDCCH.
We make the following observations from a legacy perspective with respect to the co-channel case:
Observation 1: Coverage holes for Rel-8/9 macro users with no access to CSG cells cannot be eliminated 

Observation 2: Extending the coverage range of under laid cells to improve uplink performance will not be possible for Rel-8/9 users
Observation 3: In systems with a large fraction of Rel-8/9 users the off-loading/cell-splitting gains indicated in [3] (by extending the coverage range of the under laid cells) will be less pronounced 
3. Conclusions
In this contribution, we discussed co-channel deployment in heterogeneous network and made the following observations from a legacy perspective
Observation 1: Coverage holes for Rel-8/9 macro users with no access to CSG cells cannot be eliminated 

Observation 2: Extending the coverage range of under laid cells to improve uplink performance will not be possible for Rel-8/9 users

Observation 3: In systems with a large fraction of Rel-8/9 users the off-loading/cell-splitting gains indicated in [3] (by extending the coverage range of the under laid cells) will be less pronounced
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� Requirements on UE cancellation of the CRS could be considered for Rel-10, or demodulation of data could rely on UE-specific reference symbols, but such reference symbols are however not mandatory supported by FDD terminals.





